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A fundamental question in developmental biology is how cell
rearrangements are initiated and controlled during morphogenesis
and tissue remodeling. During oogenesis of Drosophila melanogaster,
somatic follicle cells (FCs) surround each developing germ cell cyst,
and develop coordinately with the oocyte to create the mature egg.
Precursor follicle cells initially form a simple cuboidal epithelium,
which becomes progressively divided into domains of distinct cell
fates. As differentiation progresses within each domain, the FCs of
that domain undergo stereotypical reorganization to create a specific
structure of the resultant eggshell. Each eggshell structure has
features that promote survival of the developing embryo. Our
laboratory has focused on the recruitment of follicle cells to form
the operculum and ventral collar, at the anterior of the eggshell.
These structures are formed by epithelial cells that migrate into the
germ cell complex to cover the anterior oocyte, the centripetally
migrating FCs. Bone morphogenetic protein (BMP) signaling during
mid-oogenesis regulates gene expression in the centripetally migrat-
ing FCs, and the size of the operculum is sensitive to the levels of BMP
ligands. However, the use of fixed tissues for previous studies has
precluded a definitive test of the requirement for BMP to induce or
maintain the centripetal migration. We are now using live-imaging of
cultured egg chambers to answer this question, and to examine the
dynamics BMP signal transduction components as the cells change
shape and migrate.
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While cells communicate with each other in a highly coordinated
spatial manner during development, how a signaling cell can
distinguish among different neighbors is a poorly understood
process. We studied cell fate determination of bract cells on
Drosophila leg as a model to address this question. Specifically one
bract cell arises on the proximal side of each mechanosensory bristle,
and the bract cell fate is dependent on the signals from the sensory
organ precursor lineage. We found that while Notch and EGFR
signaling both contribute to the fate determination of bract cells, their
specific roles are distinct: Notch signaling only controls the threshold
of bract fate determination, while EGFR signaling is responsible for
the spatial bias in which a bract cell arises only from the proximal
side of the signaling cell. We have identified the socket cell from
sensory organ precursor lineage as the signaling cell responsible for
sending EGFR ligand, and it sends planar polarized protrusions
specifically to its proximal neighbors. Both the polarity of the cellular
protrusions and the signaling outcome are affected in core planar cell
polarity mutants. When the protrusions are suppressed, bract cells
fail to be induced. Overall, we have unveiled a novel mechanism that
EGFR signaling can be potentiated through dynamic cellular protru-
sions emanating from the signaling cells. When those protrusions are
polarized on a planar axis, the spatial symmetry of EGFR signaling is
broken to favor neighbors on a particular side. This mechanism could
be a general motif used in animal development to regulate cell
signaling directionality.
doi:10.1016/j.ydbio.2010.05.244
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Planar cell polarity (PCP) signaling regulates the establishment of
polarity within the plane of an epithelium. Its results are as diverse as
the determination of cell fates, the generation of asymmetric, but
highly aligned structures (e.g. stereocilia in the human inner ear or
hairs on a fly wing), or the directional migration of cells during
gastrulation. PCP is governed by the non-canonical Wnt pathway, in
which a Wnt signals through Frizzled, leading to nuclear responses
and to cytoskeletal changes mediated by Rho kinase. In Drosophila,
PCP is essential for the orientation of wing hairs and the polarization
of the ommatidia in the eye, requiring highly coordinated movements
of groups of photoreceptor cells. Key to PCP signaling in flies and
vertebrates, are cytoskeletal rearrangements and cell migration.
Central to these processes is the Rho kinase (Rock, Drok in
Drosophila), mutations in which lead to ommatidial rotation and
convergent extension/neural tube defects. We performed a systema-
tic, genome wide screen in Drosophila to identify new Drok substrates
using a phosphorylation induced gel-shift assay. We are characteriz-
ing candidates using in vivo RNAi, mutational analysis and genetic
interaction assays. One of the substrates we identified is a formin
regulating actin polymerization dynamics. The Xenopus formin
XDAAM was previously shown to be activated by Dishevelled during
convergent extension. A functional equivalent of XDAAM in Droso-
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